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Abstract The majority of African countries are stricken by
food shortages and undernourishment, with much of the pop-
ulation lacking reliable access to food supplies and basic
dietary requirements. In this paper, we analyze past trends of
food production and consumption in Africa, both for the
continent as a whole and for 52 individual countries within it.
Fluctuations in the self-sufficiency ratio (SSR) are used to
characterize the stability of a country’s capacity to sustain its
own population, and GDP per capita is taken as representative
of national purchasing power. Our study shows that Africa’s
food self-sufficiency is lower today than it was throughout the
entire study period. This is probably a result of demographic
expansion, leading to a greater increase in food demand than in
food production. At the national level, a decrease in SSR
mainly occurred in Northern and Southern Africa, and high
SSR fluctuations (i.e. low stability) always appeared in con-
junction with low SSR levels. Although “low SSR-low GDP”
countries face the most serious food insecurity conditions, both
“low SSR-high GDP” and “high SSR-low GDP” countries
also need attention.
Keywords Africa . Self-sufficiency ratio . Fluctuation .
GDP per capita
Introduction
According to the Food and Agriculture Organization (FAO)
of the United Nations (FAO 2003), food security is a
situation that exists when all people, at all times, have
physical, social, and economic access to sufficient, safe,
and nutritious food that meets their dietary needs and food
preferences for an active and healthy life. In 2010, an
estimated 925 million people were affected by undernour-
ishment globally (FAO 2011), an increase from the 848
million estimated in 2007. Despite a marked growth in
global food production in the past half-century, more than
one in seven people today still do not have access to basic
dietary requirements and sufficient protein and energy input
(Godfray et al. 2010). South Asia and Sub-Saharan Africa
are the regions most affected by unreliable food access and
undernourishment (Spielman et al. 2010), with 30 % of
world hunger concentrated in the latter region alone (FAO
2011). Given the extent of undernourishment in Africa, a
quantitative and detailed assessment of the present produc-
tion–consumption balance situation and its historical trends
is necessary to understand the main issues underlying the
African food security crisis.
Quantifying and assessing food security is complex
and calls for the understanding of different social, eco-
nomic, and biological factors such as food production
rates, environmental conditions and the socio-political
situation of different regions (Godfray et al. 2010;
Acevedo 2011). One of the basic issues when dealing
with food security is the food self-sufficiency of a
certain region or country. Self-sufficiency is the ability
of a region to sustain its own requirement for food and
is therefore dependent on two factors: production and
consumption (FAO 2001). The sensitivity of food secu-
rity in Africa is associated with environmental variables,
such as climate change, (Muller et al. 2011), poverty
and lack of access to food (Scanlan 2001; Sadler and
Magnan 2011), demographic and economic factors (such
as population growth and urbanization, Gaiser et al.
2011) and political failures in adjustment and market
liberalization reforms (Shiferaw et al. 2011). All these
factors directly influence the availability or production
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of food and therefore self-sufficiency and food security
(Brown 2005; Foley et al. 2005). Gaiser et al. (2011)
suggest that such factors may influence the potential of
certain regions to increase their food import and poten-
tially reduce food self-sufficiency, while others are like-
ly to remain trapped in poverty. The consumption aspect
is also important, for example the interactions between popu-
lation growth, urbanization, economic growth, dietary pattern
changes, and demand for food (Gerbens-Leenes and
Nonhebel 2005; Wirsenius et al. 2010).
Despite great advances in the understanding of food
security and its underlying factors, most previous studies
have focused on qualitatively assessing two aspects of food
security, namely, production and consumption, and on de-
termining the underlying reasons for the high food insecu-
rity faced by Africa today. Very few studies have considered
the historical trends of the balance between food production
and demand (Amalu 2002; Devereux 2009; de Graaff et al.
2011) and its effect on historical trends in self-sufficiency.
However, a better understanding of such historical trends is
necessary to characterize more effectively the development
of a region’s ability to be self-sufficient and the potential
problems it may face. Considering the heterogeneity of
African nations in terms of food producing systems and
their socio-political drivers, it is important and sensible to
assess the balance between food production and consump-
tion on a national basis. The aim of this paper is to analyze
the past trends in the African food production–consumption
balance by studying the changes in the self-sufficiency ratio
(SSR) from 1961 to 2007, to provide an overview of the
extent to which individual African countries can meet their
own food demands and to characterize the sources of poten-
tial problems. The SSR is defined as follows (FAO 2001):
SSR ¼ production
productionþ imports exports ð1Þ
First, we assess the trends in African SSR on a continen-
tal scale and subsequently investigate its trends on a national
basis. We then provide a deeper understanding of the fluc-
tuations of SSRs and their relations to the economic situa-
tion in each country in order to clarify where potential
problems may lie in the future.
Materials and methods
Data
Our analysis covers the period from 1961 to 2007. The
statistical data related to production and consumption used
in this study, including staple cereals and starchy roots, were
taken from the FAOSTAT Food Balance Sheet (FAOSTAT
2010). Population data were obtained from the World Bank.
Equatorial Guinea, Mayotte and Saint Helena were excluded
from the statistical analyses because data from these states
were not available. Given the division of the People’s Dem-
ocratic Republic of Ethiopia (PDR) into Eritrea and Ethiopia
in 1992, we assume that the data for Ethiopia prior to 1993
were the same as those for Ethiopia PDR and we do not
consider Eritrea here. However, GDP data for certain states
were not available throughout the entire period. The statis-
tical analysis for GDP per capita covers the period from
1998 to 2007.
Study area
Africa is the world’s second-largest and second most popu-
lous continent, with an area of approximately 30.2 million
km2 (11.7 million square miles), including adjacent islands,
and a population of just over 1.0 billion people, making up
approximately 14.14 % of the world’s population. However,
chronic poverty and food insecurity trouble the continent.
Africa is facing “an urgent and imminent threat to its peace,
security, and stability” (Clover 2003), with Sub-Saharan
Africa being particularly affected. In 2010–12, 234 million
people (23.4 %) faced undernourishment in Africa, the
second highest proportion in the world after Southern Asia
(304 million out of the total 868 million: 35.0 %) (FAO
2012). Moreover, about 327 million (45 %) of sub-Saharan
Africa’s 726 million people live below the international
poverty line of US $1 a day, a figure that is on the rise
(Watkins 2009).
A farming system has a broadly consistent resource base,
enterprise patterns, household livelihoods and constraints,
which directly and indirectly influence the SSR of the region
in which it occurs (Dixon et al. 2001a). In Africa, there are
over 16 kinds of farming systems, among which five are
particularly important for their potential to increase growth
and reduce poverty: Tree cropping, Maize mixed farming,
Agro-pastoral millet/sorghum farming, Cereal-root crop
mixed farming and Irrigated farming (Dixon et al. 2001a).
Starchy roots and cereals are the two dominant types of
staple food (FAOSTAT 2010). A detailed description of
population, GDP, production, consumption, and land re-




The definition of food security proposed by the FAO is
divided into four categories: (1) food availability, (2)
food access, (3) utilization, and (4) stability (IFRC
2006). In this work, we focus on food availability as
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measured by the SSR defined by the FAO (2001: see
above), which gives the ratio of production to domestic
use. Production is the total production of cereals (ex-
cluding beers) and starchy roots. Domestic use is calcu-
lated using the food supply data from the food balance
sheet (FAOSTAT 2010). Food supply for domestic use
is regarded as food consumption, which may include all
waste during transportation and post-harvest processing.
It is defined as follows:
productionþ imports exports
þ changes in stocks decrease or increaseð Þ
¼ food consumption
In the context of food security, the SSR usually
indicates the extent to which a country relies on its
own production resources. Therefore, the higher the
ratio, the greater the ability of a country to sustain its
own population. Conversely, a lower SSR indicates a
higher dependence on food resources from outside the
environment (Wang 2009). Although the SSR can be an
appropriate metric for assessing the supply situation for
individual commodities, a degree of caution should be
observed when considering the overall food situation
(FAO 2001). Here, we assume that the production of
the two kinds of staple foods (cereals and starchy roots)
in each country is first used to supply the country’s
own population before being exported. The stability of
SSR in each country is then characterized by its fluctu-
ation coefficient (please refer to the Appendix for de-
tails on statistical treatment). It is worth noting that the
fluctuation coefficient of a given index can only mea-
sure the flux of the time series data rather than indicate
the absolute trend of the data.
The GDP per capita can measure the ability of a country to
purchase food from import to meet the national demand and is
therefore considered in this study. By measuring the relation-
ship between SSR and GDP per capita, it is possible to
examine how economic development and SSR changes in
the future can influence food security.
The area of staple food harvested per capita was
taken as the index of natural resources for each country.
The average area harvested per capita from 1998 to
2007 was calculated, and a threshold of 0.1 ha/cap
was assigned to distinguish between individual countries
with low and high levels.
Cereal equivalents (CE)
According to the food balance sheet from FAO, the
inhabitants of more than 20 countries in Africa consume
cereals or starchy roots respectively as their staple food
(based on the quantity of consumption). In order to
unify the quantity of cereals and starchy roots, we
transformed all the production and consumption data
of the two staple foods into per capita cereal equivalents
(CEs) (Rask and Rask 2011). The CE coefficients used
here for this transformation were derived from the work
of Rask and Rask (2011), in which 0.26 t of cereals are
equivalent to 1 t of starchy roots.
HP filter
A Hodrick-Prescott filter (HP filter) (Hodrick and
Prescott 1997) was applied to the time series when
examining developing trends. The HP filter is a mathe-
matical tool separating the cyclical component of a time
series from raw data to obtain a smoothed curve repre-
sentation of a time series, one that is more sensitive to
long-term than to short-term fluctuations. The filter was
used to obtain the SSR trend of Africa and its produc-
tion and consumption trends.
Results and discussion
Africa’s production–consumption balance
As a whole, Africa’s self-sufficiency declined from al-
most 1.0 in 1961 to 0.8 by 2007 (Fig. 1a), indicating the
deterioration of Africa’s capacity to meet its own
population’s demand for food in the past half-century.
This trend can be divided into two phases, with a pre-
cipitous decline observed before 1986 and a flatter one
thereafter (Fig. 1a). While consumption per capita in-
creased during the study period, the production per
capita decreased up to 1984 and then caught up with
the 1961 value by 2007. Because of the expanding
population, the gap between production and consumption
widened over the study period (Fig. 1b). Compared with
average world production and consumption per capita,
those of Africa remained at a very low level (Fig. 1b).
The steadily growing population and its continuing
growth aggravated the imbalance between production
and consumption, reducing the SSR (Fig. 1a) and imply-
ing an increased reliance on external supplies (Fig. 1c).
Food aid from the outside world made some contribu-
tions, mainly in the period 1975 to 1990 but food from
net import has played a major role in narrowing the gap
between production and consumption throughout the
study period and has become more pronounced in recent
years.
Table 1 presents the fluctuation coefficient of Africa’s
SSR for the entire period studied and for the sub-periods
1961 to 1985 and 1986 to 2007. The fluctuation coefficient
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Fig. 1 Trends of cereal
equivalent (CE) production–
consumption balance in Africa
and the world and proportion of
food consumption contributed
by net import and aid 1961–
2007. a Trend of self-
sufficiency ratio (SSR) in
Africa. The black line denotes
the original data; the gray line
denotes the trend of SSR
processed by the Hodrick-
Prescott HP filter (see text for
explanation). The straight lines
illustrate the precipitous decline
of SSR between 1961 and 1985
and the less steep decline from
1986 to 2007. b Trends of
production and consumption
per capita in Africa and the
world. All data were processed
by the HP filter. The smooth red
line denotes the trend of world
production per capita and the
dotted red line denotes that for
Africa. The smooth blue line
denotes the trend of world
consumption per capita and the
dotted blue line that for Africa.
The gray bars denote the
population of Africa. c Food net
import and food aid as
proportions of total
consumption in Africa
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over the study period was 0.073, with the first half
displaying more instability than the second half. The vola-
tility of the SSR indicates the unstable nature of Africa’s
food production-consumption system through time, notably
during the first sub-period (Wang 2006). Nonetheless, de-
spite an overall decrease in Africa’s SSR in the past 50 years,
the food situation seems to have stabilized. Considering the
two factors influencing SSR individually, both production
per capita and consumption per capita display similar levels
of instability over the entire period, although the first
25 years were characterized by unstable food production.
Given the continuing decrease in SSR in recent years,
this trend is likely to continue in the near future (Fig. 1a).
The deterioration of the production–consumption balance in
Africa is the result of the complex interaction between a
multitude of factors, which differ from country to country
and deserve further intensive studies (Clover 2003; Devereux
2009; de Graaff et al. 2011; Muller et al. 2011).
Production–consumption balance in each country
SSR
The SSR decreased in many countries between 1961 and
2007 according to the data available (Fig. 2). Comparing the
SSR in 1961, 1985 and 2007, decreasing trends occurred
mainly in Northern and Southern Africa (for example, the
SSR in South Africa was higher than 1.0 in 1961 and
decreased to less than 0.8 in 2007). In 1961, nine countries
(Western and Central Africa: Mali, Niger, Chad; Eastern
Africa: Rwanda; Southern Africa: Angola, Malawi, Zimba-
bwe, South Africa and Madagascar) had SSR ratios greater
than 1 (Pedersen and Benjaminsen 2008) but, by 2007, only
Malawi retained a ratio above 1. Despite the presence of
relatively affluent natural resources (Dixon et al. 2001b),
Southern Africa (i.e., Botswana, South Africa, and Angola,
Fig. 2) faces a relatively heavy pressure on food security, as
indicated by the continuing decline in SSR. This situation is
caused by such factors as fluctuating food prices, chronic
poverty, effects of climate change—notably extreme weath-
er events—poor government and HIV/AIDS. High food
price is a double blow: farmers lose income from harvest
failure, causing them to leave the land and the poor are
unable to afford enough food (Van Zyl and Coetzee 1990;
de Graaff et al. 2011). Chronic poverty causes people in
Southern Africa to have no assets, skills, or opportunities to
escape poverty; thus, they have no knowledge as to how to
improve their farming status. People who are unable to work
because of age, disability or young children are more sus-
ceptible to illness, when facing food shortage (Maunder and
Wiggins 2007). As Tschirley and Jayne (2010) indicate,
government action during food crises in Southern Africa
frequently exacerbates the problems; the lack of trust be-
tween public and private sectors contributes to the inability
to make credible commitments. Failing governance and
policymaking, for example the political impasse in Zimba-
bwe, the decline of the economy, and the loss of government
capacity to maintain health and social welfare programs,
cause the population of all countries to face long-term food
insecurity and malnutrition (Maunder and Wiggins 2007).
Climate variation and change are two of the several addition-
al interacting factors affecting food security. Studies have
shown their negative effects on farming systems in Africa,
with Southern Africa being particularly vulnerable to these
effects (Bohle et al. 1994; Gregory et al. 2005; Giorgi 2006;
Eriksen et al. 2008). Specifically, the high incidence of
HIV/AIDS in Southern Africa directly and indirectly affects
labor markets (Maunder and Wiggins 2007; Drimie and
Casale 2009). In Mali, Niger and Chad, located in the Sahel
region, low rainfall and low water levels, poor harvests and
lack of pasture have led to high food prices and serious food
crises owing to their effects on agricultural production sys-
tems. Lack of water is a major limiting factor, as demonstrat-
ed by the Sahel drought of 1972 to 1974. Despite this
decreasing trend in the region, Egypt and Sudan showed an
increase in SSR from 1985 to 2007 (Fig. 2).
In 2007, the lowest SSR (i.e., 0.0 to 0.3) was predomi-
nantly observed in the northern part of Africa and in the
island nations (aside from Madagascar). Indeed, the SSR of
some northern countries decreased from above 0.5 to below
0.3 in the past half-century. Island countries had near-zero
SSR values in 2007 owing to their limited natural resources.
Northern Africa mainly has an arid farming system with a
low level of agricultural productivity (Dixon et al. 2001a).
The study by Sadler and Magnan (2011) showed that the
Northern African region is the largest grain importing region
in the world, with severe constraints on arable land and
water coupled with a growing population and increasing
incomes (Table 2 in Appendix). However, as nomadic
Table 1 Fluctuation of self-sufficiency ratio (SSR), production and





SSR 1961–1985 0.908 0.064 0.071
1986–2007 0.829 0.024 0.029
1961–2007 0.871 0.064 0.073
Production
per capita
1961–1985 0.192 0.016 0.084
1986–2007 0.190 0.009 0.050
1961–2007 0.191 0.013 0.069
Consumption
per capita
1961–1985 0.211 0.009 0.045
1986–2007 0.229 0.011 0.049
1961–2007 0.219 0.014 0.063
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lifestyles are common in Northern Africa, nutrition from
stocks and pastoral diet patterns, which are disregarded here,
should also be considered (Pedersen and Benjaminsen
2008).
The rural semi-arid regions of North Western Africa (i.e.,
Senegal, Mauritania, Morocco, Algeria, and Tunisia) also suf-
fered from low SSR during the study period (Fig. 2), with
unstable and uncertain food security conditions affected by
repetitive and severe phenomena such as extreme climatic
events (Janin 2010). Based on estimates, 18 million people
are still at risk in West and parts of Central Africa, mainly in
the Sahel region (Oxfam 2012). Underdevelopment, low rain-
fall, forced migration, climate change, poverty, rising food
prices and declining food stock are key factors contributing to
Western Africa’s food crisis. By contrast, countries in parts of
Central Africa and Eastern Africa exhibited the most stable
conditions between 1961 and 2007, with the SSR values con-
sistently falling between 0.8 and 1.0. Detailed information
regarding each country can be found in the Appendix (Table 2).
SSR and its fluctuation
The relationship between Africa’s average SSR and its fluctu-
ation coefficient from 1961 to 2007 across 52 African countries
is shown in Fig. 3a and b. As illustrated in Fig. 3b, the higher
the average SSR, the lower the fluctuation coefficient. In other
words, countries with a greater ability to feed their people also
have a greater ability to keep the production–consumption
balance stable in the face of internal or external pressures.
However, this positive correlation between low fluctua-
tion and high average SSR cannot be applied to all countries
(Fig. 3a). For island countries, such as Cape Verde, Sey-
chelles and Mauritius, limited land area is the major
constraining factor of their food supply systems. Moreover,
these island countries are characterized as having low average
SSR and remarkably high fluctuation. Sao Tome and Principe,
a tropical island country, is an exception which adopts agri-
cultural cooperation and agriculture investment (Kyle 1999;
Ahotondji 2011), has a relatively higher average SSR and
lower fluctuation (i.e., 0.37 and 0.23, respectively) than other
island countries and even continental countries (e.g., Djibouti,
which has intense fluctuation of 0.414315 and very low
average SSR at 0.000128). Facing several internal and exter-
nal constraints and impact factors, food production and supply
systems in countries of Southern Africa are more sensitive to
pressures. In particular, the SSR stability in Zimbabwe and
South Africa is relatively unstable but both countries have a
high average SSR (exceeding 1.0).
SSR and GDP per capita
Asmentioned previously, the GDP per capita can be taken as a
measure of the ability of a country to purchase food from
imports to meet national demands. This measure is particular-
ly useful for countries with a pronounced low SSR. As GDP
data are only available from 1998 for all African countries, the
relationship between average GDP per capita and SSR is only
investigated in the last 10 years.
The average GDP per capita shows a negative relation
with average SSR (R2=0.4668, Fig.4), indicating that the
countries with the inability to meet their food consumption
from their own resources generally have higher economic
ability, enabling them to purchase food from outside their
own borders. For example, Libya, whose economy depends
primarily on revenues from the oil sector, has enough mon-
ey to pursue projects such as agriculture development and
the Great Manmade River in the Sahara desert. If countries
are classified by the average area harvested per capita, those
exhibiting the lowest harvested areas also showmore negative
correlations with SSR than the high-level countries (R2=0.39
and R2=0.33, respectively). However, the dependence of
these countries (classified as “low SSR-high GDP”) on out-
side resources make them more sensitive and vulnerable to
world economic and trade market fluctuations, notably those
involving climate change (Schmidhuber and Tubiello 2007).
In Libya, for example, poor people are much more vul-
nerable to food price as they cannot afford the higher
price of imported food (World Food Programme 2011).
Fluctuations of the trade market and higher food prices
greatly affect the poor and increase hunger (Ghanem 2008;
Ivanic and Martin 2008). Considering that those countries
with low SSR are mainly limited by natural resources,
future demographic and human pressures, such as popula-
tion increase and the improvement of the poor’s living
standards by changing the dietary patterns, are likely to
further affect the imbalance between low production and
high consumption, causing the food security of these
countries to become even more fragile.
In this paper, we classified countries into four catego-
ries (Fig. 4). Food security in countries having a high
SSR but low GDP (“high SSR-low GDP”, Fig. 4a),
which rely on agriculture to sustain their population’s
demand for food, is highly sensitive to factors such as
climate change (Lobell et al. 2008; Schlenker and Lobell
2010; Muller et al. 2011) and degradation (Ramankutty
et al. 2002; Smith et al. 2010; du Preez et al. 2011a, b).
Negative changes in these factors can influence the natural
aspects of farming systems, thus directly affecting food pro-
ductivity. Given the lower economic potential of these coun-
tries, a key for maintaining self-sufficiency in the future is
improving their ability to face and respond to future environ-
mental changes.
The “low SSR-low GDP” countries (Fig. 4b, e.g.,
Mauritania and Lesotho) have neither the ability to meet their
own consumption demands through domestic production nor
the economic ability to import food and therefore face the
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highest level of food insecurity. In contrast,, those countries
having a high SSR and GDP (i.e. South Africa, Fig. 4c) have
the most secure and stable situation, although the highest SSR
of 0.8 (Fig. 2) indicates that these countries still face a certain
deficit in their production–consumption balance. The fourth
category, “low SSR-high GDP” (Fig. 4d) has the economic
ability to import food.
As shown by its Gini coefficient (a measure of statistical
dispersion) (Fig. 5), Africa suffers from a seriously unbal-






























average of self-sufficiency: 1961-2007
Fig. 3 Average and fluctuation
of self-sufficiency ratios (SSR)
in Africa: 1961–2007. a
Distribution of the average of
SSR and the fluctuation of SSR
across Africa; b Relationship
between the average SSR and
its fluctuation: 1961–2007
400 Y. Luan et al.
rich and the poor. It seems that more needs to be done to
increase the SSR and improve African countries’ food se-
curity than just improving productivity even in those coun-
tries which have a relatively high economic or high natural
resource level.
Conclusion
Past trends in African food production and consumption were
analyzed to assess the past and present status of food security
in Africa and provide insights into its possible causes. The
SSR of Africa as a whole has decreased from 1.0 to 0.8 in the
past five decades and was volatile throughout this time al-
though recently it has become more stable. This decrease in
sustainability ratio can be explained by the increasingly large
gap between the growth rates of food production and con-
sumption. Net imports of food have been the main solution to
narrowing the gap in SSR in recent years.
On a national scale, differences can be observed throughout
the African continent. Northern and Southern African countries
have suffered the most severe decreases in SSR because of
different factors. The northern countries seem to be mainly
influenced by their scarce natural resources, along with climate
change, and the decreasing self-sufficiency of the southern
countries is caused by multiple stress factors. Most central
African nations and some western countries are characterized
by a more stable SSR of between 0.8 and 1.0. An apparent
phenomenon is that, in Africa, a country with a higher ability to
keep the production–consumption balance stable in the face of
inside and outside pressures is also characterized by a high
SSR. However, South Africa and Zimbabwe show high SSR
fluctuations despite having a relatively high average SSR.
Considering the relationship between the current de-
cadal average GDP per capita and the SSR, countries
with a comparatively low SSR generally have high GDP
per capita. Therefore, “low SSR-high GDP” countries,
such as Libya, have the ability to purchase food from
outside but are more sensitive and vulnerable to world
economic and trade market fluctuations. For “high SSR-
low GDP” countries, the negative effect of climate
change and degradation on farming systems can cause
hardship because of their lower economic power to
mitigate the gap between production and demand
through imports. How to improve their adaptability to
respond to future changes in their agricultural environ-
ment is a key point that should be addressed by these
countries.
However, as indicated by recent studies, although
food production has the largest effect on African self-
sufficiency in all regions, the recent increased food
supply should not be ignored. GDP per capita, which
is the indicator of economic development, displays a
close relationship with consumption (Gerbens-Leenes et
al. 2010). As income increases, so does consumption
and diets become more diverse, although the consump-
tion level in Africa is greatly below that of the world
average. Moreover, the increasing demand for food ow-
ing to the increasing population will put more pressure
on food security in the future. The increasing consump-
tion, owing to changes in diet and population, deter-
mines the arable land requirement (Gerbens-Leenes and
Nonhebel 2005) while climate change has a crucial
influence on arable land resources (Gregory et al.
2005; Muller et al. 2011) through its effects on soil,
water, temperature and pests. The tension between pro-
ductivity and increased demand is likely to put more
























Fig. 5 Gini coefficients of African countries. Data from each country
(although not all from the same year) are represented by single points


























Fig. 4 Average GDP per capita and self-sufficiency ratios (SSR) in
Africa: 1998–2007. The threshold between high and low SSR is 0.8
and that of the GDP per capita is 3 (log scale). Although the former
threshold is below 1.0, it is relatively high for Africa. A GDP per capita
below 3.0 represents an actual GDP per capita below 1000 US$ a year
at US$ constant for the year 2000. Quadrant A indicates “high SSR-
low GDP”; Quadrant B “low SSR-low GDP”; Quadrant C “high SSR-
high GDP”; Quadrant D “low SSR-high GDP”
Historical trends of food self-sufficiency in Africa 401
Acknowledgments The authors are grateful for the generous com-
ments from the editor and anonymous reviewers, which greatly im-
proved the quality of the manuscript. This work was supported by the
National Basic Research Development Program of China (Grant Nos.
2011CB952001 and 2010CB428502), National Science Foundation of
China (Grant No. 41271542), and Program for New Century Excellent
Talents in University (Grant No. NCET-09-0227), and the Fundamen-
tal Research Funds for the Central Universities and the Scientific
Research Foundation for the Returned Overseas Chinese Scholars,
State Education Ministry.
Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
Appendix
Calculating the fluctuation coefficient
The stability of SSR characterizes the variability during the
study period from 1961 to 2007, with lower data stability
indicating a more unstable food security situation. To mea-
sure the stability, the fluctuation coefficient is calculated for
SSR, as indicated by the coefficient of variation of the data.
The fluctuation coefficient is calculated as the ratio of the
















where δ is the fluctuation coefficient of each index during the
statistical period, s is the standard deviation of indicator’s
values, y is the average value of indicator of all years, yi is
the value of indicator in each year and n is the number of years.
Detailed information about each country
Table 2 Overview of the 52 African countries considered in this paper: the 2007 self-sufficiency ratio (SSR), area harvested, GDP per capita,
average inter-annual change of cereal equivalent (CE) production, average inter-annual change of CE consumption and rate of population growth

















Algeria 0.35 0.09 2158.57 0.15 0.05 0.02
Angola 0.78 0.15 1237.68 0.01 0.02 0.03
Benin 0.90 0.17 353.81 0.01 0.01 0.03
Botswana 0.25 0.03 4237.27 0.15 0.02 0.03
Burkina Faso 0.92 0.23 260.25 0.02 0.02 0.02
Burundi 0.81 0.06 109.73 −0.01 0.00 0.02
Cameroon 0.80 0.10 692.00 0.00 0.00 0.03
Cape Verde 0.06 0.06 1656.58 0.16 0.06 0.02
Central African Republic 0.88 0.13 231.06 −0.01 −0.01 0.02
Chad 0.93 0.25 285.24 0.02 0.02 0.03
Comoros 0.43 0.04 374.83 −0.01 0.01 0.03
Congo 0.51 0.04 1156.47 −0.01 0.00 0.03
Côte d’Ivoire 0.72 0.09 530.13 0.00 0.00 0.04
Democratic Republic of the Congo 0.88 0.06 93.56 −0.02 −0.01 0.03
Djibouti 0.00 0.00 842.46 0.03 0.12 0.05
Egypt 0.69 0.04 1697.08 0.01 0.02 0.02
Eritrea 0.70 0.11 151.23 0.33 0.14 0.03
Ethiopia 0.95 0.12 175.51 0.04 0.03 0.03
Ethiopia PDR NA NA 175.51 −0.02 0.01 0.03
Gabon 0.50 0.07 4148.43 0.00 0.01 0.02
Gambia 0.47 0.12 322.86 0.00 0.01 0.04
Ghana 0.86 0.12 315.19 0.02 0.02 0.03
Guinea 0.84 0.20 400.51 0.01 0.01 0.02
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